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LUNAR MODULE CONSUMABLES ANALYSIS FOR MISSION AS-505/CSM-lOb/LM-b 

By Mart in  L.  Alexander and Arnold J .  Loyd 

SUMMARY AND INTRODUCTION 

A d e t a i l e d  a n a l y s i s  of  t h e  lunar  module consumables budget f o r  t h e  
primary rendezvous model t o  be used for mission AS-505/CSM-lOb/LM-b i s  
presented .  While t h e  rendezvous model i s  s u b j e c t  t o  change as t h e  plan- 
ning o f  t h e  mission p rogres ses ,  t h e  m a t e r i a l  contained i n  t h i s  r e p o r t  i s  
e s s e n t i a l  t o  d e f i n i n g  t h e  cu r ren t  approach t o  performing a consumables 
a n a l y s i s  inc luding  d a t a  sources  , methods of  c a l c u l a t i o n ,  and expected 
procedura l  d e t a i l s  of t h e  f l i g h t  which a f f e c t  t h e  consumables usage. This  
a n a l y s i s  shows a p o s i t i v e  margin of consmab les  remaining a t  t h e  comple- 
t i o n  of t h e  nominal mission. 

A less d e t a i l e d  a n a l y s i s  o f  the alternate rendezvous model C-2 for 
t h e  mission i s  inc luded ,  and it too shows a p o s i t i v e  margin o f  consumables 
remaining at t h e  end of t h e  nominal mission.  

The f a c t o r s  most l i k e l y  t o  change t h e  r e s u l t s  presented  i n  t h i s  
document will be (1) changes t o  the  mission t i m e l i n e ,  ( 2 )  improved d a t a  
sources  such as p o s t f l i g h t  d a t a  from missions preceding t h i s  one, or 
c e r t a i n  phases o f  t h i s  miss ion ,  a n d ' ( 3 )  d e t a i l s  of t h e  f l i g h t  p l a n  and 
crew procedures which may be  d i f f e r e n t  from those  assumed h e r e .  

LM REACTION CONTROL SYSTEM PROPELLANT BUDGET 

I n  order  t o  check out  t h e  IM systems thoroughly i n  e a r t h - o r b i t a l  
f l i g h t s ,  mission models which depart  cons iderably  from t h e  l u n a r  landing  
miss ion  have been proposed, r e s u l t i n g  i n  LM consumables becoming t h e  
l i m i t i n g  f a c t o r  f o r  some models. I n  p a r t i c u l a r ,  LM a c t i v i t y  whi le  docked 
t o  t h e  command and s e r v i c e  modules (CSM) and f i r i n g s  of t h e  descent  pro- 
p u l s i o n  system (DPS) i n  t h e  Tendezvous sequence may be q u i t e  expensive 
i n  usage of LM r e a c t i o n  c o n t r o l  system (RCS) p r o p e l l a n t  f o r  moment c o n t r o l .  
I n  o rde r  t o  f l y  t h i s  miss ion ,  t h e  LM-RCS p r o p e l l a n t  usage adds one con- 
s t r a i n t  t o  t h e  miss ion ,  i . e .  , t h e  a l t e r n a t e  rendezvous model C-2 cannot 
be flown wi thout  u t i l i z i n g  ascent  p r o p e l l a n t  through t h e  in t e rconnec t  i n  
t h e  RCS t h r u s t e r s  during t'ne &sceiit firhgs i?, t h e  rendezvous sequence. 
While t h e  primary rendezvous model B-2" could be flown without  u t i l i z i n g  
t h e  in t e rconnec t ,  t h e  RCS propel lan t  margin a t  t h e  completion of LM 
a c t i v i t y  would be reduced by approximately 30 l b .  
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The LM RCS performs t h e  following func t ions :  

1. Provides s m a l l  t h r u s t  impulses t o  s t a b i l i z e  t h e  LM during burns 
of t h e  descent  and ascent  propuls ion  systems. 

2. Provides necessary t h r u s t  impulses t o  c o n t r o l  t h e  veh ic l e  a t t i t u d e  
(movement around an axis) and veh ic l e  t r a n s l a t i o n  (movement a long an a x i s )  
during such phases of t h e  mission as rendezvous and docking maneuvers. 

3. Provides necessary t h r u s t  impulses t o  accomplish t h e  LM/CSM 
s e p a r a t i o n  maneuver. 

4. Provides  necessary t h r u s t  impulse t o  accomplish a c c e l e r a t i o n  f o r  
u l l a g e  s e t t l i n g  i n  t h e  descent  and ascent p r o p e l l a n t  s to rage  t anks ,  when 
r equ i r ed .  

The primary sources  o f  d a t a  are r e fe rences  1, 2,  and 3. Other d a t a  
sou rces ,  where used,  are re ferenced  s p e c i f i c a l l y .  The accuracy of t h e  
paramet r ic  d a t a  i n  re ferences  1, 2,  and 3 i s  s t a t e d  t o  be  wi th in  
- +10 percen t .  
d a t a  der ived  from f l i g h t s  preceding t h i s  miss ion ,  a c t u a l  s imula t ions  of 
po r t ions  of  t h i s  miss ion ,  and fu r the r  ana lyses .  

Refinements t o  t h e  da ta  are expected t o  arise from p o s t f l i g h t  

The primary rendezvous model upon which t h i s  a n a l y s i s  i s  based may 
be found i n  t a b l e  I and i s  t h e  model B-2" rendezvous as def ined  
October 1 7 ,  1967. 
a b l e  f o r  mission planning;  t a b l e  I11 g ives  a breakdown of  LM-RCS propel- 
l a n t  usage by b locks ;  t h i s  d a t a  i s  p l o t t e d  i n  f i g u r e  1. These blocks are 
f u r t h e r  broken down i n t o  i n d i v i d u a l  events  i n  t a b l e  IVY which a l s o  pro- 
v ides  a d e t a i l e d  l i s t  of t h e  nssumed f l i g h t  p l a n ,  d a t a  sources ,  and method 
of  c a l c u l a t i o n  i n  ob ta in ing  t h e  p rope l l an t  usage numbers given he re .  

Table I1 gives  the q u a n t i t y  of  LM-RCS p rope l l an t  a v a i l -  

Table V g ives  t h e  rendezvous t imel ine f o r  t h e  a l t e r n a t e  rendezvous 
model C-2, and t h e  LM-RCS propel lan t  usage f o r  t h i s  model i s  given i n  
t a b l e  V I .  

ELECTRICAL POWER ANALYSIS 

Since  t h i s  p a r t i c u l a r  f l i g h t  i s  now s l a t e d  t o  be  flown wi th  t h e  LM-4 
v e h i c l e ,  a h igh  energy consumer was  omit ted from cons ide ra t ion  i n  t h i s  
a n a l y s i s .  P re sen t ly  , developmental f l i g h t  ins t rumenta t ion  i s  not sched- 
u l e d  t o  be i n  an;; v e h i c l e  subsequent to X-3. sir,..? t .hfs cquiDment re- 
quires approximately TOO watts , both descent  and ascent  s t a g e  b a t t e r i e s  
on t h e  LM-4 g e t  a power d ra in ing  repr ieve  i n  comparison t o  budgets per-  
formed on similar t ime l ines  i n  t h e  p a s t .  
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I .  

Assumptions played a v i t a l  r o l e  i n  t h e  f i n a l  de te rmina t ion  of t h e  
e l e c t r i c a l  power usage f o r  t h e  B-2" rendezvous scheme of t h e  LM-4 miss ion .  
The p r i n c i p a l  assumptions are l i s t e d  below. 

1. The RCS h e a t e r s  w i l l  not necessar i ly  be r equ i r ed  during long 
phases a f te r  t h e  t h r u s t e r s  have been f i r e d .  This  assumption i s  documented 
i n  re ference  4. 

2 .  IM-4 w i l l  have no developmental f l i g h t  ins t rumenta t ion  aboard. 

3. Both a coarse and a f i n e  i ne r t i a l  measurement u n i t  (IMU) a l ign -  
ment were considered t o  be performed p r i o r  t o  a major maneuver when t h e r e  
w a s  a v a i l a b l e  t i m e .  

4. The RCS h e a t e r s  were considered t o  be on cont inuously f o r  an 
hour during i n i t i a l  warm-ups, as i s  recommended by re ference  5 .  

5 .  As found i n  r e fe rence  6 ,  t h e  t o t a l  energy capac i ty  of t h e  descent  
and a scen t  b a t t e r i e s  is  46.9 and 17.8 ki lowatt-hours ,  r e s p e c t i v e l y .  

6 .  No guidance and navigat ion (G&N) equipment w a s  assumed t o  be i n  
t h e  ope ra t iona l  mode dur ing  t h e  f i r s t  checkout pe r iod  of t h e  IN. 

7. A l l  LM rendezvous equipment w a s  t u rned  on j u s t  subsequent t o  
LM/CSM sepa ra t ion .  

8. LM checkout t i m e  w a s  assumed t o  be approximately 2 hours .  

9 .  Descent and a scen t  s t a g e  bat ter ies  were assumed t o  have 1 .9  and 
1.1 kilowatt-hour r e d l i n e s ,  r e spec t ive ly .  This assumption i s  documented 
i n  re ference  7 .  

Table V I 1  p r e s e n t s ,  i n  comprehensive d e t a i l ,  t h e  ana lys i s  suppor t ing  
t h e  d a t a  found i n  f i g u r e s  2 and 3. This p a r t i c u l a r  t a b l e  i d e n t i f i e s  every  
energy l e v e l  considered i n  prepara t ion  of t h e  power p r o f i l e s  d i sp layed  
i n  t h e s e  f igu res .  The "Remarks" column g ives  j u s t i f i c a t i o n  t o  t h e  devia- 
t i o n  i n  energy l e v e l s  found i n  references 1, 2 ,  and 3 from those  obta ined  
i n  t a b l e  VII. 

Figure 4 d i sp l ays  t h e  average e l e c t r i c a l  power l e v e l s  f o r  t h e  p r in -  
c i p a l  phases of t h i s  miss ion .  From t h i s  information,  one may perform has ty  
f e a s i b i l i t y  checks i n  o rde r  t o  determine i f '  s i i g n t  periiii-"vations 
t o  t h e  cu r ren t  t i m e l i n e  can be accommodated by LM b a t t e r i e s .  
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CONCLUSIONS 

Rendezvous model B-2", t h e  primary rendezvous model, f o r  t h e  nominal 
AS-505/CSM-lOb/LM-b mission results i n  p o s i t i v e  margins f o r  bo th  RCS 
p rope l l an t  and LM e l e c t r i c a l  power a t  t h e  te rmina t ion  of t h e  LM-active 
rendezvous phase.  I n  p a r t i c u l a r ,  the LM-RCS p r o p e l l a n t  margin a t  t h e  
completion of  docking i s  79 lb, and t h e  ascent  s t a g e  b a t t e r i e s  have approx- 
imate ly  10.2 kilowatt-hours of e l e c t r i c a l  energy remaining a t  t h e  same 
c r i t i c a l  t i m e  of t h e  mission. The margin at t h e  completion of docking 
is  p a r t i c u l a r l y  s i g n i f i c a n t  as t h i s  i s  t h e  p o i n t  i n  t h e  mission a t  which 
t h e  crew re tu rns  t o  t h e  corrJnand rr.odule f o r  t h e  f i n a l  t i m e .  O f  secondary 
importance i s  t h e  maximum t i m e  from f i n a l  LM/CSM s e p a r a t i o n  i n  which t h e  
ascent  s t a g e  b a t t e r i e s  can support  an i n e r t i a l l y  stable p la t form f o r  t h e  
purpose o f  a CSM f lyby  exe rc i se .  
descent  s t a g e  has  5.9 kilowatt-hours o f  e l e c t r i c a l  energy remaining a t  
t h e  nominal t ime of s t ag ing .  

This t i m e  i s  6 t o  7 hours ,  while  t h e  LM 

Rendezvous model C-2 ( a l t e r n a t e  rendezvous scheme) r e s u l t s  i n  an 
RCS p r o p e l l a n t  margin of 47 l b  and an ascent  s t a g e  e l e c t r i c a l  energy 
margin of 9.3 kilowatt-hours at the  completion of docking. For t h i s  
p a r t i c u l a r  rendezvous p l an  , t h e  ascent s t a g e  can remain an adequate 
pas s ive  veh ic l e  f o r  a l a t e r  CSM flyby if t h e  e x e r c i s e  i s  terminated w i t h i n  
5 t o  6 hours subs,equent t o  separa t ion .  
p l aces  t h e  2bove c o n s t r a i n t  on t h e  CSM-active p o r t i o n  of t h e  proposed 
rendezvous p l an .  Descent s t a g e  batteries have dep le t ed  t o  the  
7.5 kilowatt-hour  energy level a t  t h e  nominal t ime of s t a g i n g  i n  t h e  
C-2 model. 

Ascent s t a g e  b a t t e r y  dep le t ion  

Each of t h e  above margins represents  t h e  planning or useable  level  
of  consumables remaining at a p a r t i c u l a r  t i m e  i n  t h e  mission.  
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Time , hr :min 

93: 36 

96 : 1.1 
98 : 13 
98: 58 
99: 31 

94 : 06 

TABLE I.- MODEL B-2" 'RENDEZVOUS 

[October 17,  19671 

Maneuver System A t ,  s ec  

I n i t i a l  phasing DPS 75 
1st  CSI RCS 15 

1st CDH DPS 33 
2nd CSI APS 3.5 

2nd CDH APS 3.5 

TPI RCS 25 

TPF RCS 100 

Mixture r a t i o  unce r t a in ty ,  l b  . . . . . . . . . . . . . .  30 

Gaging accuracy, l b  . . . . . . . . . . . . . . . . . . .  64 
~ T o t a l  a v a i l a b l e  p r o p e l l a n t  f o r  mission planning,  l b  . . .  494 

~ 

TABLE 11.- LM-RCS PROPELLANT AVAILABLE FOR MISSION PLANNINGa 

Maximum loaded p r o p e l l a n t ,  lb . . . . . . . . . . . . . .  638 
Unusable p rope l l an t  : 

Loading and temperature  d ispers ions ,  l b  . . . . . . . .  10  
Trapped and unexpel led,  l b  . . . . . . . . . . . . . .  40 

M i n i m u m  d e l i v e r a b l e  p rope l l an t ,  l b  . . . . . . . . . . .  588 

FI- -'Keference 8 
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TABLE 111.- LM RCS PROPELLANT USAGE 

Block 

F i r s t  d'ocked DPS burn 

Second docked DPS burn 

Inspec t ion  

Rendezvous: 
DPS phasing burn 
CSI 1 (RCS burn)  
CDH 1 (DPS burn)  
S tag ing  
CSI 2 (APS burn )  
CDH 2 (APS burn )  
TPI (RCS +x) 
TPF (RCS + z )  
Docking 
P rope l l an t  f o r  a t t i t u d e  

LM t r a c k i n g  of CSM.during 

A t t i t u d e  hold f o r  CSM f lyby 

maneuvers during rendezvous 

rendezvous 

Tot a1 

Prope l l an t ,  l b  

33.4 

66.8 

10.0 

19.8  
22.5 
19 .3  
2.0 
12.1 
12.1 

90.8 
52.5 

34.0 

10.0 
8.0 

29.0 

422.3 
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tB, sec 

17.4 

16.7 

Event 

Separation 

CSIl 

CDHl 

1st Phase 

2nd Phase 

Insertion 

CS12 

CDH2 

TPI 

Braking 

System 

DPS 

DPS 

TABLE V.- MODEL C-2 LM-ACTIVE RENDEZVOUS 

G.e.t. , hr:min 

94 : 1 3  

95 : 20 

95 : 59 

96: 53 

98 : 25 

99 : 1 0  

99 : 40 

100 : 18 

100 : 50 

101 : 25 

AV, fps 

26 

25 

44 

100 

208 

72 

60 

55 

21 

24 

26 

67 

37 

6.6 

5.8  

5.4 

DPS 

DPS 

DPS 

APS 

APS 

APS 

RCS 

RCS 
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